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ABSTRACT

The present paper reports Photoluminescence [Plgratteristics of Eu doped YPVO4;,04
and YLaVQ phosphors. The phosphors were prepared by adoptangdard solid state reaction
method. The photoluminescence emission spec¥BQ: Eu**(0.5%) and YOs:Eu®*(0.5%)
are excited with 254 nm. Y(PVQ@U*" displays PL emission at 365, 540,561, 594 and 61L1n
Y,0s:Eu®* displays the PL emissions at 536, 583, 589, 508, 615 and 632nm. The excitation
of the ¥sLaVQOy: Eu (0.5%) phosphor with 450nm wavelength gemarat strong and broad
emission in UV region i.e. 240 to 300 nm. The Riiseion of ¥sLaVO,: Eu is interesting in
nature as it displays up-conversion phenomena.

Keywords: Photoluminescence, phosphors, Solid state reaotethod.
Abréviations : PL: Photoluminescence, Ex: Excitatiem: Emission

INTRODUCTION

The study of fluorescence in phosphors providesakedge and throws light on the use of the
materials as a phosphor in display and lightingaks:The study of photoluminescence properties
will give the applicability of the prepared matésias display device phosphors. Although the
basics of the industrial scale phosphor synthesie wvell established a decade ago, the process
of optimization is still continuing because of tingportance of phosphor efficiency required for
different applications, the production cost anddeemarket share. The main aim of the present
investigation is to study the photoluminescence) (Ptoperties of Eu doped Yttrium based
phosphors i.e YPVO4, D3 and YLaVQ.

MATERIALSAND METHODS

In the present study all the Europium doped phosphee synthesized by solid state diffusion
reaction method at high temperature. First thé lpgrity materials of host, activators and the
fluxes are blended, mixed and then fired at 280f@r four hours in an alumina crucible covered
with a lid. The product obtained is in the formaotake formed because of firing and sintering.

46
Scholars Research Library



K.V.R. Murthy et al Arch. Phy. Res,, 2011, 2 (3):46-50

Then the cake is crushed, milled and then sorteteoove coarse and excessively crushed
particles. The phosphors YPVEEU': Y,0zEUW** and YpsLlaVOsEW" are prepared and
studied for their PL. The PL spectra were recoralesbom temperature using the Shimadzu RF-
5301 PC Spectrofluorophotometer.

RESULTSAND DISCUSSION

The photoluminescence of YPVEU**(0.5%)), Y,03:EL**(0.5%) and ¥sLaVO.:Eu(0.5%) are
presented in Fig.1,2 and Bhe intensities of the emission as well as exatabands are given in
real units in Table: 1 for better understandiRgyure.1: shows the photoluminescence spectra of
Y(PV)O,4: EU**(0.5%) being excited with 254 nm. The excitatidrthee material with 254 nm
wavelength generates emission at 365, 540,561a684611nm. The intensity of peak at 365 nm
is relatively very low as compared to 594 and 6frl peaks. The PL emission at 594 and 611
nm are very sharp and strong. The luminescencs Ee594 and 611nm corresponds iy
—'F, (orange red) antDo—F, (red) transitions of Eu. Both the observed lines being used

as red lines in lamps.

Fig.1:Photoluminescence of Y (PV)O,:Eu"(0.5%)
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Figure.2.shows is the photoluminescence spectra f:Y¥Eu*"(0.5%) being excited with 254
nm. The excitation of the material with 254 nm el@ngth generates the emissions at 536, 583,
589, 594, 600, 615 and 632 nm. The intensity ofeiméssion peak at 536 nm is as low as five
times as compared to 583, 589, 594, 600, 615 aRdBBpeaks. The PL emissions at 583, 589,
594, 600, 615 and 632 nm are very sharp in intgndivhen excited with 254nm normally the
Eu®" -activated ¥Os gives strong emissions at 594, 611 and 617nm. But in phesent
investigation as many as eight transitions are robge The possibility of contamination of
unwanted impurities is also ruled out from EDXR&dses presented in fig.4.

Figure.3 shows the photoluminescence spectrapgfa®/O,4:Eu(0.5%) being excited with 450
nm, the excitation spectra also contains 415nmwihih is not able to emit any luminescence
in the visible region. The excitation of the makwith 450nm wavelength generates a strong
and broad emission in UV region i.e. 240 to 300inmddition to another small emission peak at
365nm. The PL emission ofpM.aVO4:Eu is interesting in nature as it displays up-@sion
phenomena.
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Fig.2:Photoluminescence of Y,05: Eu**(0.5%)
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Fig.3:Photoluminescence of YysLaVO,:Eu (0.5%)
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The color requirement in TVs and PDPs is primattlg red. From figure.l it is to be observed
that the intensities of 594 and 611 are same itidigdhat the phosphor formation is in single
phase. As per literature Europium activated Y(PM¥Can efficient red emitting phosphor that is
currently used in PDPs due to its high QE perscaarharacteristics and reduced saturation. As
it is reported YPVQalso displays the PL lines at 595, 611 and 617 wheited with 147 nm
with intensity ratio 1:3:5.

Europium activated yttrium oxide is an efficieetiremitting phosphor that is currently used in
fluorescent lamps (High Pressure and low Pressisr@)ell as a red component in plasma

display devices. The Bl-activated yttrium oxide is also being used asplgshosphor since
three decades. Less intense emission peak anrfidssigned to th#D,—F; transition may
help to improve the color purity in PDP applicatioi\s it was reportedni LaPO4:Tm, PL
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emission at 291, 348 and 362nm was observed omagoc with 147 and 173nm. These
emissions are assigned ty—°Hs ‘1s—°Hs 'D,—°Hs. But in any Eu doped phosphors, this
type of PL is not observed to the best of our kadgé.
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Fig.4: EDXRF of Y,03:Eu

Table: 1: Photoluminescence Peak Emission wavelengths and Peak I ntensities

S No. Sample Chemical PL Emission Peak PL Emigsion Peak
formula Wavelength (nm) Intensity (AU)
1 inYgg:fnﬁ) 365, 540, 561, 504, 611 | 0> 14> 4L, 1016,
2 zfé%gf;m) 536, 583,589, 594, 600, 615, 6321%62?116%%0”895%9
3 z{EfJ;ngg;‘rS“ 254-320 35

Rao R.P reported a number of luminescence linestalt®; -> ‘F ;of EW*'in BAM:Eu. It is
reported that the emissions frél, and°D, are quenched with an increase in the concentration
of EU** which is due to a cross-relaxation procesf;$°D,) (Fo > 'F). The
photoluminescence emission in the vicinity of 600 i$ due to the magnetic dipole transition
>Do~>  Fywhich is insensitive to the site symmetry. The aiois around 610-630 nm is due to
the electric dipole transition 0D — 'F» induced by the lack of inversion symmetry at the
Eu®'site and is much stronger than that of the trasitd the’F, state. Luminescent Eliions in
commercial red phosphors such as Y)y@,;0; and Y>O,S occupy the sites that have no
inversion symmetry. The strong emission is duehw dlectric dipole transition is utilized for
practical applications. As per Blasse and Brillthi€ EG* site has inversion symmetry then the
electric dipole emission is weak and the magneapold transition becomes relatively stronger
and dominates.

Considering a model where Charge Transfer Site JG§'S combination of 4felectrons plus a
hole, one finds that the resulting spin multiplesst should be 7 and 9. It is the former state that
affects optical properties related to tifg state by spin-restricted covalency. The intensitio
luminescence frontD, —'F, and from°D, — ‘F, decreases with increasing CTS energy
sequentially as reported. These results suggeshiblaer CTS energies reduce the strength of
the electric dipole transitiotD, — 'F» in EU*".
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The wavelength positions of the emission bands mépery much on hosts, changing from the
near UV to the red. This dependence is interpratedue to the crystal field splitting of the 5d
level. With increasing crystal field strength, tamission bands shift to longer wavelength. The
luminescence peak energy of the 5d-4f transitidrsus* and C&" are affected most by crystal
parameters denoting electron- electron repulsion.

Sharp-line luminescence at 366 nm due to an fAsiteon and having a lifetime of milliseconds
is observed when the crystal field is weak so thatlowest excited state of 4BP) is lower
than the 4¥5d" state.

Europium activated yttrium, gadolinium borate [(M)BOs:Eu*] is an efficient red emitting
phosphor that is currently used in PDPs due tdigh QE persistence characteristics, and
reduced saturation. In general, the luminesceno@sgon) lines at 593, 611, and 627 nm
correspond t3Dy— 'F; (orange red) antDy—'F, (red) transitions of Eu the peak end intensity
of each red line (593, 611, and 627 nm) dependhenBu and Gd concentrations. For lamp
applications all three lines at 593 nm (orange),, 6in (red), and 627 nm (red) are acceptable.
But in the case of displays, specifically for TVp&ipations, it is preferable to have more of the
red. In these phosphors, the intensity of the ggdine in the 582-600-nm wavelength range
arising from theDy —'F. in the wavelength range 600-645 nm is stronger.

CONCLUSION

Eu®*- shows the strongest emission at 615 nm and it td the electric dipoléD—'F>
transition arising from the noncentro symmetricusture of the host lattice. Sharp-line
luminescence at -366 nm due to an f-f transitiomctviis observed when the crystal field is weak
so that the lowest excited state of @P) is lower than the 4f5d" state.The observed PL
emission at 240 to 300 nm inp¥.aVO4:Eu is concluded as up-conversion phenomena. This
may be assigned to any one of the following trémsst'ls—>Hs ‘16—°H. *D>—°He.

Acknowledgements
Dr. K. V. R. Murthy is thankful to DAE/BRNS for sationing a research project on DREBP.

REFERENCES

[1] Boeuf, J.P.J. Phys. D Appl. Phys36, R532003.

[2] Phosphor Handbook CRC Presk999)

[3] Yen, W.M., and Weber, M.J., Inorganic Phosphorsni@ositions, Preparations and optical
properties, CRC Press, Boca Ratadn4.

[4] Rao, R.P., Preparations of Phosphor Materials imihascence, Phenomena, Materials and
Devices, Rao, R.P., Ed., Nova Science Publishexg; Xork, 3451992,

[5] Kummer, F., The production of fluorescent lamp githas's, in Proceedings of Physics and
Chemistry of Luminescent Materials, Struck, C.W.isid, K.C., and Bartolo, B.Di., Eds.,
Electrochem. Soc. Pennington (NJ), 21999.

[6] Rao, R.P.J. Electrochem. Socl143, 189,1996.

[7] Kim, K.N., Jung, H.K., and Park, H.Ol, Mater. Res.17, 907,2002.

[8] Bacalski, C.R., Cherry, M.A., Hirata, G.A., McKittk, J.M., and Mourant, JJ, SID, S1, 93,
2000.

[9] Rao, P.R., Ell activated red emitting phosphors for PDP appliceti SID 03 Digest, 1219,
2003.

50
Scholars Research Library



